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(54) ELECTROMAGNETIC RELAY 

(57)Abstract: 

PURPOSE: To provide a micro-relay whose driving force 
is great by making up mechanical elements of an 
electromagnetic magnet provided for a substrate and of 
a semi-conductor disposed opposite to the magnet, and 
concurrently furnishing them with each stationary and 
each movable contact layer respectively. 
CONSTITUTION: There are provided both 
electromagnetic magnets 102a and 102b which 
generate magnetic motive force acting as driving source, 
and sucking sections 1 15a and 1 15b made of magnetic 
substance formed over movable pieces 108a and 108b 
which are provided for a ceramic substrate 101 
supporting the aforesaid magnets via a spacer 119. When 
DC voltage is applied to the magnets 102a and 102b, the 
sucking sections 1 15a and 1 15b are sucked up while 
movable pieces 108a and 108b are being deflected by 
magnet motive force. And stationary contact layers 1 06a 
and 106b, 107a and 107b formed in the main surface of 
a substrate 101, can thereby be opened/closed by 
means of movable contact layers 1 1 2a and 1 1 2b separately formed in the 
pieces. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A machine element is constituted from an electromagnetic magnet prepared 
in the substrate of an electric insulator, and a movable piece which becomes this 
substrate principal plane that prepared the above-mentioned electromagnetic magnet 
from the semi-conductor single crystal by which opposite arrangement was carried 
out through the spacer means, and which carries out movable. The adsorption section 
formed in the front face of the above-mentioned movable piece which counters the 
above-mentioned electromagnetic magnet with the magnetic substance. The 
electromagnetic relay characterized by having the traveling contact layer formed in 
the above-mentioned movable piece through the insulating thin film, and the 
stationary-contact layer which are formed in the principal plane of the substrate of 
the above-mentioned electric insulator, and are opened and closed in the 
above-mentioned traveling contact layer. 

[Claim 2] The electromagnetic relay according to claim 1 characterized by coming to 
lay a detailed coil underground between the above-mentioned movable piece and the 
above-mentioned adsorption section. 

[Claim 3] The above-mentioned adsorption section is an electromagnetic relay 
according to claim 1 characterized by being formed using a magnet. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is one of the micro machines, and relates to the 

electromagnetic relay which makes magnetomotive force a driving source. 

[0002] 

[Description of the Prior Art] One of the micro machines has conventionally the 
electrostatic relay which makes an electrostatic suction force a driving source. 
[0003] This electrostatic relay is indicated by JP,2-100224,A as an example. Drawing 
14 is the decomposition perspective view of the conventional electrostatic relay. 
Drawing 15 is the A-A line sectional view of drawing 14 . 

[0004] Actuation of this electrostatic relay is explained. If direct current voltage is 
impressed between the movable piece 911 and the fixed electrode layer 902 by the 



side of before, an electrostatic suction force will occur between piece section of 
before movable piece 911 91 1 A, and the above-mentioned electrode layer 902, piece 
section of before 91 1 A uses the pivotable support section 912 as the supporting point, 
in order to distort and displace to the electrode layer 902 side, the traveling contact 
layer 914 will contact the stationary-contact layer 904,905, and between both the 
stationary-contacts layers 904,905 will be closed. If impression of the 
above-mentioned direct current voltage is severed, movable piece 91 1 A will return to 
the original state by the torsion return force of the pivotable support section 912, and 
between both the stationary-contacts layers 904,905 will be opened. 
[0005] By impressing direct current voltage between the movable piece 911 and the 
fixed electrode layer 903 on the backside, piece section of after movable piece 911 
91 1B also performs the same actuation as the above. 

[0006] Here, micro processing will become possible if the movable piece 91 1 is formed 
from the silicon single crystal wafer 908. Furthermore, since the above-mentioned 
movable piece 911 was formed from the silicon single crystal wafer 908 of another 
object in the base 901, by selection of a spacer 909, inter-electrode distance can be 
changed and desired driving force can be obtained. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned traveling 
contact layer 914 contacts the above-mentioned stationary-contact layer 904,905, 
and it is required of the electrostatic relay by micro processing raised to the 
above-mentioned drawing 1414 to make an electrostatic predetermined suction force 
occur between the counterelectrodes for actuation which constituted between both 
the stationary~contacts layers 904,905 from an above-mentioned fixed electrode 
layer 902,903 and an above-mentioned movable piece 911 in order to carry out ON 
and OFF control. Moreover, since there is a danger of connecting too hastily if this 
clearance is dramatically made small, although it is necessary to make small the 
above-mentioned inter-electrode clearance which counters, it is unproducible in 
below the magnitude of actual condition specification. 

[0008] Then, the object of this invention is by making into a driving source 
magnetomotive force which happens by impressing direct current voltage to an 
electromagnetic magnet to offer the micro relay with which bigger driving force than 
the conventional micro relay is obtained. 
[0009] 

[Means for Solving the Problem] The electromagnetic relay which relates to claim 1 of 
this invention in order to attain said object A machine element is constituted from an 
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electromagnetic magnet prepared in the substrate of an electric insulator, and a 
movable piece which becomes this substrate principal plane that prepared the 
above-mentioned electromagnetic magnet from the semi-conductor single crystal by 
which opposite arrangement was carried out through the spacer means, and which 
carries out movable. It is characterized by having the adsorption section formed in the 
front face of the above-mentioned movable piece which counters the 
above-mentioned electromagnetic magnet with the magnetic substance, the traveling 
contact layer formed in the above-mentioned movable piece through the insulating 
thin film, and the stationary-contact layer which are formed in the principal plane of 
the substrate of the above-mentioned electric insulator, and are opened and closed in 
the above-mentioned traveling contact layer. The electromagnetic relay concerning 
claim 2 is characterized by coming to lay a detailed coil underground between the 
above-mentioned movable piece and the above-mentioned adsorption section. The 
electromagnetic relay concerning claim 3 is characterized by having used the magnet 
for the above-mentioned adsorption section, and being formed in it. 
[0010] 

[Function] According to the configuration of claim 1 of this invention, the adsorption 
section formed in the front face of the movable piece which was countered and 
arranged in the ****** substrate principal plane in the electromagnetic magnet with 
which the magnetomotive force used as a driving source occurs, and this 
electromagnetic magnet, and which carries out movable with the magnetic substance 
is prepared. The above-mentioned movable piece is sagged with the magnetomotive 
force which happens by impressing direct current voltage to the above-mentioned 
electromagnetic magnet, and the above-mentioned movable piece is adsorbed at the 
above-mentioned electromagnetic magnet. Then, the stationary-contact layer formed 
in the above-mentioned substrate principal plane in the traveling contact layer 
separately formed in the above-mentioned movable piece can be opened and closed. 
[001 1] According to the configuration of claim 2 of this invention, a detailed coil is laid 
underground between the above-mentioned movable piece and the above-mentioned 
adsorption section by special processing. Although remnant magnetism remains in the 
above-mentioned adsorption section slightly after impressing and disconnecting 
direct current voltage to the above-mentioned electromagnetic magnet, direct 
current voltage can be temporarily impressed to the above-mentioned coil laid under 
the above-mentioned movable piece, and the remnant magnetism of the 
above-mentioned adsorption section can be removed. 

[0012] According to the configuration of claim 3 of this invention, the 
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above-mentioned adsorption section is formed using a magnet. If direct current 
voltage is always impressed to the above-mentioned electromagnetic magnet, this 
electromagnetic magnet can be used as an electromagnet. The polarity (N pole and 
south pole) of the above-mentioned electromagnetic magnet can be changed by 
changing the sense of the current passed in the coil of the above-mentioned 
electromagnetic magnet. Then, a movable piece can be adsorbed or the 
above-mentioned electromagnetic magnet can be opposed. 
[0013] 

[Example] One example of this invention is explained with reference to a drawing. 
Drawing 1 is the decomposition perspective view of an electromagnetic relay of the 
1st example. Drawing 2 is the A-A line sectional view of drawing 1 . Drawing 3 is 
drawing having shown the creation approach of ceramic substrate side 101 gradually, 
and drawing 4 is the expanded sectional view of electromagnetic magnet 102a made to 
insert in the through hole of the ceramic substrate 101 of drawing 3 . 
[0014] The electromagnetic magnets 102a and 102b consist of Cores 103a and 103b 
and Coils (copper wire) 104a and 104b. Cores 103a and 103b use for example, a 
Mn(manganese)-Zn (zinc) ferrite as fine particles, put it into metal mold, are created 
hammer hardening and by calcinating, and Coils 104a and 104b roll the about 30-turn 
surroundings at a time with the 0.1mm copper wire covered with the insulating 
material around the heart in Cores 103a and 103b, and they create. 
[0015] A ceramic substrate 101 is created by putting the fine particles of aluminum 
203 (alumina) into metal mold, hardening them, and calcinating them. Through holes 
105a and 105b are formed in the ceramic substrate 101 ( drawing 3 (a)). First, Cr 
(chromium) and Au(gold) are formed with vacuum deposition all over the Ath page of a 
ceramic substrate 101. At this time, Cr raises the adhesion of a ceramic substrate 101 
and Au, and forms Cr ahead of Au. After forming Au/Cr, the stationary-contact layers 
106a, 106b, 107a, and 107b are created by etching (it is described as etching below.) 
according an Au/Cr layer to a photolithography technique ( drawing 3 (b)). 
[0016] Drawing 5 is drawing having shown gradually the creation approach by the side 
of Si (silicon single crystal wafer) substrate which consists of a movable piece 108 of 
the 1st example. The Si substrate 109 used as the above-mentioned movable piece 
108 is created in the direction of a field as shown in drawing 6 . If the 
above-mentioned Si substrate 109 is manufactured in the shape of a rectangle, 
although, as for parallel 602a and 602b, a precise straight line is obtained to 
orientation FAZETTO (it is described as Following OF.) 601, the vertical sides 602c 
and 602d will become Giza-like to OF601. However, if the above-mentioned Si 



substrate 109 is manufactured in the slanting direction of a field to the above OF601, 
the above-mentioned Si substrate 109 of the others shown in drawing 6 which serves 
as a configuration of the shape of 603a, 603b ( 603c, and Giza where 603d is 
complicated, and requires a precise configuration will be hard to be obtained four sides. 
[0017] Then, it manufactures so that four sides of the Si substrate 109 may be set to 
602a, 602b, 602c, and 602d, and Si02(silicon oxide) 110a and 110b are formed for 
example, by the oxidizing [ thermally ] method to the Ath page of the Si substrate 109 
first shown in drawing 5 , and the Bth page ( drawing 5 (a)). After forming Si02, SiOof 
Bth above-mentioned page2110b is etched, and removal processing of the perimeter 
frame is left and carried out ( drawing 5 (b)). Specified quantity removal processing of 
within the limit [ perimeter ] is carried out for the Si substrate 109 to this Bth page by 
KOH (potassium hydroxide) anisotropic etching by using SiO2110b as a mask 
( drawing 5 (c)). 

[0018] Next, Cr1 1 1 and Au(gold)112 are formed all over the Ath page with vacuum 
deposition. At this time, Cr raises the adhesion of Si02 and Au and forms Cu ahead of 
Au. The traveling contact layers 1 12a and 1 12b are formed in the piece of an edge of 
the part which etches a Cr/Au layer using an aqua regia (hydrochloric acid: nitric 
acid : 3:1 volume ratios), and serves as the above-mentioned movable pieces 108a and 
108b. the whole surface of the Ath page of after that — the permalloy film 113 (alloy 
of nickel and iron) — for example, membranes are formed with vacuum deposition 
thinly about 300A ( drawing 5 (d)). Next, a resist 1 14 is formed with vacuum deposition 
on the permalloy film 113 of the whole surface of the Ath above-mentioned page. 
[0019] Adsorption **** 116a and 116b are formed for the above-mentioned resist 

114 by adhesion exposure with the ********** form of the contact surface of the 
above-mentioned electromagnetic magnets 102a and 102b. Then, the permalloy film 

1 15 is thickly formed with vacuum deposition uniformly [ about 12 microns ] all over 
the Ath above-mentioned page ( drawing 5 (e)). 

[0020] In addition, this permalloy film 113,115 is NiS04.6H20 (nickel sulfate)... It is 

150gFeSO4.7H2O (iron sulfate) It is 10gH3BO4 (boric acid) 20g saccharin 

What mixed 0.75g is used. 

[0021] Next, by Resists 1 17a and 1 17b, a bonnet and the permalloy film 1 13,1 15 from 
which a nitric acid, hydrogen peroxide solution, and water serve as outside the limit 
[ of the Ath page / adsorption section ] with the etching reagent of 2.9:1:7.2 are 
etched, and adsorption **** 1 1 6a and 1 1 6b formed by the resist 1 1 4 on the Ath 
above-mentioned page are removed ( drawing 5 (f)). Next, adhesion exposure removes 
altogether these resists 114,117a and 117b of the Ath page, and the adsorption 
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sections 115a and 115b are formed. And it forms in the form which etched into the 
configuration where the KO character countered SiOof Ath page2 f 110a, only the 
predetermined amount finally etched with a pottasium hydroxide solution, and the 
movable pieces 108a and 108b connected to the perimeter frame through the 
pivotable support section 118 ( drawing 5 (g)). Si substrate side 109 processed as 
mentioned above and ceramic substrate side 101 are pasted up through a spacer 1 19. 
[0022] Next, actuation of an electromagnetic relay of the 1st example is explained. If 
direct current voltage is impressed to coil 104of electromagnetic magnet 102a a, 
magnetomotive force will occur in this electromagnetic magnet 102a, piece section of 
before movable piece 108 108a uses the pivotable support section 118 as the 
supporting point, in order to bend and displace to the electromagnetic magnet 102a 
side, traveling contact layer 1 12a will contact the stationary-contact layers 106a and 
106b, and between both stationary-contacts layer 106a and 106b will be closed. 
[0023] If impression of the above-mentioned direct current voltage is severed, 
movable piece 108A will return to the original state by the torsion return force of the 
pivotable support section 118, and between both stationary-contacts layer 106a and 
106b will be opened. Piece section of after movable piece 108 108b also performs the 
same actuation as the above by impressing direct current voltage to coil 104of 
electromagnetic magnet 102b b. Although remnant magnetism remains in the 
above-mentioned electromagnetic magnets 102a and 102b slightly at the adsorption 
sections 115a and 115b after impressing and disconnecting direct current voltage, 
there is an electromagnetic relay of the 2nd example as a means which removes this. 
[0024] Drawing 7 is the important section cross-section decomposition perspective 
view of an electromagnetic relay of the 2nd example. Drawing 8 is the B-B line 
sectional view of drawing 7 . Drawing 9 is drawing having shown gradually the creation 
approach by the side of Si substrate which consists of a movable piece 208. 
Si02(silicon oxide) 210a and 210b are first formed by the oxidizing [ thermally ] 
method to the Ath page of the Si substrate 209, and the Bth page ( drawing 9 (a)). 
After forming Si02, SiOof Bth above-mentioned page2210b is etched, and removal 
processing of the perimeter frame is left and carried out ( drawing 9 (b)). Specified 
quantity removal processing of within the limit [ perimeter ] is carried out for the Si 
substrate 209 to this Bth page by KOH (potassium hydroxide) anisotropic etching by 
using SiO2210b as a mask ( drawing 9 (c)). 

[0025] Next, the detailed coils 1 1 4a and 1 1 4b are formed in the Ath page part of the Si 
substrate 209 which counters the above-mentioned electromagnetic magnets 102a 
and 102b. the above — as a processing means of a detailed coil, Nb (niobium) is 
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formed with vacuum deposition all over the Ath page of the 1 Si substrate 209. 

2) Attach a copper plate 214 to the Ath page part of the Si substrate 209 which 
counters the above-mentioned electromagnetic magnets 102a and 102b with vacuum 
deposition after forming Nb. At this time, Nb is used in order to raise SiO2210a and 
copper plate 214 adhesion. 

3) Process this copper plate 214 on a fault volume by etching, and form the detailed 
coils 214a and 214b, after attaching a copper plate 214. 

After forming the detailed coils 214a and 214b, polyimide (resin) 215 is attached all 
over the Ath page, and the detailed coils 214a and 214b are fixed to the Si substrate 
209 ( drawing 9 (b)). In order to pull out the piece of an edge of the core of the 
above-mentioned coils 214a and 214b out of this coil, etching removes the polyimide 
215 of the piece part of an edge of the core of the 1 above-mentioned coils 214a and 
214b. 

2) Form Nb with vacuum deposition all over the Ath page of Si ******. 

3) Attach the small copper plates 216a and 216b of two sheets with vacuum 
deposition in the configuration which processed into the Ath page of the Si substrate 
209, and was put on the fixed detailed coils 214a and 214b. 

4) And process the above-mentioned copper plates 216a and 216b by etching, and 
form the piece of an edge which exists at the core of the above-mentioned coils 214a 
and 214b so that it may become an outgoing line other than this coil. 

Special processing is carried out as mentioned above, and outgoing lines 216a and 
21 6b are formed ( drawing 9 (e)). After forming outgoing lines 21 6a and 21 6b, polyimide 
217 is attached all over the Ath page, and outgoing lines 216a and 216b are fixed to 
the Si substrate 209. Next, only above-mentioned coil 214a and a 214b part leave the 
above-mentioned polyimide 217 by etching, and it removes. ( Drawing 9 (f)) . Next, 
Cr219 and Au(gold)218 are formed all over the Ath page with vacuum deposition. At 
this time, Cr raises the adhesion of Si02 and Au and forms Cu ahead of Au. The 
traveling contact layers 218a and 218b are formed in the piece of an edge of the part 
which etches a Cr/Au layer using an aqua regia (hydrochloric acid: nitric acid : 3:1 
volume ratios), and serves as the above-mentioned movable pieces 208a and 208b. 
[0026] the whole surface of the Ath page of after that — the permalloy film 220 (alloy 
of nickel and iron) — for example, membranes are formed with vacuum deposition 
thinly about 300A ( drawing 9 (g)). 

[0027] Next, a resist 221 is formed with vacuum deposition on the entire permalloy 
film 220 of the Ath above-mentioned page. Adsorption **** 223a and 223b are formed 
for the above-mentioned resist 221 by adhesion exposure with the ********** form 
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of the contact surface of the above-mentioned electromagnetic magnets 1 02a and 
102b. Then, except for the resist 221 of the Ath above-mentioned page, the permalloy 
film 222 is thickly formed with vacuum deposition uniformly [ about 12 microns ] 
( drawing 1 0 (h)). 

[0028] In addition, this permalloy film 220,222 is NiS04.6H20 (nickel sulfate)... It is 

150gFeSO4.7H2O (iron sulfate) It is 10gH3BO4 (boric acid) 20g saccharin 

What mixed 0.75g is used. 

[0029] Next, by Resists 224a and 224b, a bonnet, after that, for example, a nitric acid, 
hydrogen peroxide solution, and water etch the permalloy film 220,222 of an 
adsorption section outside the limit of the Ath page with the etching reagent of 
2.9:1:7.2, and the resist 221 of adsorption **** 223a and 223b formed on this Ath page 
is removed ( drawing 10 (i)). 

[0030] Next, adhesion exposure removes altogether these resists 221,224a and 224b 
of the Ath page, and the adsorption sections 223a and 223b are formed ( drawing 10 
0)). And it forms in the form which etched into the configuration where the KO 
character countered SiOof Ath page2210a, only the predetermined amount finally 
etched with a pottasium hydroxide solution, and the movable pieces 208a and 208b 
connected to the perimeter frame through the pivotable support section 225 ( drawing 
10 (k)). Si substrate side 209 processed as mentioned above is pasted up through 
ceramic substrate side 101 and a spacer 119. 

[0031] Next, actuation of an electromagnetic relay of the 2nd example is explained. If 
direct current voltage is impressed to coil 104of electromagnetic magnet 102a a, 
magnetomotive force will occur in this electromagnetic magnet 102a, piece section of 
before movable piece 208 208a uses the pivotable support section 225 as the 
supporting point, in order to bend and displace to the electromagnetic magnet 102a 
side, traveling contact layer 218a will contact the stationary-contact layers 106a and 
106b, and between both stationary-contacts layer 106a and 106b will be closed. 
[0032] After refusing impression of the above-mentioned direct current voltage for 
opening between both above-mentioned stationary-contacts layer 106a and 106b, it 
is required to remove the remnant magnetism which remained in permalloy film 222a 
used as adsorption section 223of piece section of above front 208a a. Then, direct 
current voltage was made to impress to coil 214a laid under the backward 
above-mentioned movable piece 208 which refused impression of the 
above-mentioned direct current voltage first temporarily, and the remnant magnetism 
of the above-mentioned adsorption section 223a was removed. Front piece section 
208a returns to the original state by the torsion return force of the pivotable support 
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section 225, and between both stationary-contacts layer 1 06a and 1 06b is opened. By 
impressing direct current voltage to coil 104of electromagnetic magnet 102b b, piece 
section of after movable piece 208 208b also performs the same actuation as the 
above. 

[0033] Drawing 1 1 is the important section cross-section perspective view of an 
electromagnetic relay of the 3rd example. Drawing 12 is the C-C line sectional view of 
drawing 1 1 . Drawing 13 is the expanded sectional view of electromagnetic magnet 
302a made to insert in the through hole of the ceramic substrate of drawing 1 1 . A 
magnet is attached and formed in the adsorption sections 315a and 315b on the Si 
substrate 309 which counters the electromagnetic magnets 302a and 302b in this 
example. In addition, the structure of a part is the same as that of an electromagnetic 
relay of the 1 st example. 

[0034] Next, actuation of an electromagnetic relay of the 3rd example is explained. 
[0035] If the direct current voltage of a negative electrode (-: minus) is impressed in 
the direction of A from a positive electrode (+: plus) among drawing to coil 304of 
electromagnetic magnet 302a of structure of U character mold a Magnetomotive 
force occurs in this electromagnetic magnet 302a, ****** of electromagnetic magnet 
302a countered and arranged in the adsorption section N pole of piece section of 
before movable piece 308 308a serves as the south pole, and one ****** which was 
countered and arranged in this adsorption section south pole and which will said 
electromagnetic magnet 302a Accept it serves as N pole. In order that movable piece 
308a may bend and displace the pivotable support section 318 to the electromagnetic 
magnet 302a side with the attraction between the unlike poles which faced each other 
as the supporting point, traveling contact layer 312a contacts the stationary-contact 
layers 306a and 306b, and Kaisei of between both stationary-contacts layer 306a and 
306b is carried out. 

[0036] The direct current voltage of a negative electrode (-: minus) is impressed to 
opening between both above-mentioned stationary-contacts layer 306a and 306b 
from a positive electrode (+: plus) in the direction of B to 304of above-mentioned 
electromagnetic magnet 302a a. With the above, the magnetomotive force to hard flow 
is occurred in this electromagnetic magnet 302a. ****** of electromagnetic magnet 
302a arranged to the adsorption section N pole of piece section of before movable 
piece 308 308a serves as N pole, and this adsorption section south pole is countered. 
One arranged ****** which will said electromagnetic magnet 302a Accept it serves 
as the south pole, movable piece 308a separates from electromagnetic magnet 302a 
according to the repulsive force between the unlike poles which faced each other 
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considering the pivotable support section 318 as the supporting point, and both the 
stationary"Contacts layers 306a and 306b are opened. Piece section of after movable 
piece 308 308b also performs the same actuation as the above by impressing direct 
current voltage to coil 304of electromagnetic magnet 302b b to compensate for 
actuation of a relay. The electromagnetic magnets 102a and 102b inserted in the 
through holes 105a and 105b of the ceramic substrate 101 shown in drawing 1 in the 
3rd example are made to counter, and actuation with the same said of the 
configuration of one adsorption section of N pole or the south pole is considered in 
the magnet of the adsorption sections 315a and 315b on the Si substrate 309. 
[0037] 

[Effect of the Invention] Since he is trying to use magnetomotive force as a driving 
source moreover, while being able to obtain big driving force as compared with the 
former taking advantage of the description of the conventional micro relay according 
to this invention, contact force becomes large and the stability of a relay can 
increase. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of an electromagnetic relay of 
the 1st example. 

[Drawing 2] It is the A-A line sectional view of drawing 1 . 

[Drawing 3] It is drawing having shown gradually the creation approach by the side of a 
ceramic substrate. 

[Drawing 4] It is the expanded sectional view of the electromagnetic magnet made to 
insert in the through hole by the side of the ceramic substrate of drawing 3 . 
[Drawing 5] It is drawing having shown gradually the creation approach by the side of 
Si (silicon single crystal wafer) substrate which consists of a movable piece of the 1st 
example. ' 

[Drawing 6] It is the explanatory view of the direction of a field of a silicon single 
crystal wafer. 

[Drawing 7] It is the decomposition perspective view of an electromagnetic relay of 
the 2nd example. 

[Drawing 8] It is the B-B line sectional view of drawing 7 . 

[Drawing 9] It is drawing having shown gradually the creation approach (a-g) by the 
side of Si (silicon single crystal wafer) substrate which consists of a movable piece of 
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the 2nd example. 

[Drawing 10] It is drawing having shown gradually the creation approach (h-k) by the 
side of Si (silicon single crystal wafer) substrate which consists of a movable piece of 
the 2nd example. 

[Drawing 11] It is the important section cross-section perspective view of an 

electromagnetic relay of the 3rd example. 

[Drawing 12] It is the C-C line sectional view of drawing 1 1 . 

[Drawing 13] It is the expanded sectional view of the electromagnetic magnet made to 

insert in the through hole by the side of the ceramic substrate of drawing 1 1 . 

[Drawing 14] It is the decomposition perspective view of the electrostatic relay in 

which an example of the conventional micro machine is shown. 

[Drawing 15] It is the A-A line sectional view of drawing 14 . 

[Description of Notations] 

101 Ceramic Substrate 

102a, 102b Electromagnetic magnet 

103a, 103b Core 

104a, 104b Coil (copper wire) 

105a, 105b Through hole 

1 06a, 1 06b Stationary-contact layer 

107a, 107b Stationary-contact layer 

108a, 108b Movable piece 

1 09 Si Substrate 

110a, 110b Si02 (silicon oxide) 

1 1 2a, 1 1 2b Traveling contact layer 

115a, 115b Adsorption section (magnetic substance) 

1 18 Pivotable Support Section 

1 1 9 Spacer 
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z.t&®mt-?z>n&m i mmammsv v-. 

[0 0 0 1] 
[0 0 0 2] 

[&*©&«] ^*T-f^nv>->©l^tc#SK?l 

[0 0 0 3] Z.<D&n3.VU-\3.-WtLTftM¥-2- 
1 0 0 2 2 4-^tM*$tlTVi*. lai 4fcM£3fS©t£S 
SCU lx-<D^^0-eafeS„ 01 5M14CA-A 

[0 0 0 4] ^©#«iC'J P-COSifPfCO^TSiWr 

BiidM-9 1 1 tmw<o@immm9 Q2t<Dmz\s. 
mmm*wm-rzii. i>j»Jt9 1 1 cdmm-sb 9 i i At 
±iEms(i9 o 2 t©p^c#m©?i**s^b. urns 
9 1 1 A«tg3tgp9 1 2Z3a&}iVTmmm9 02^ 

^.fv^m-^Tctb, «Iiii&j£)f 9 1 4#S£gL&Jf 9 

0 4, 9 0 5JCSMU, WH^g^9 04, 9 0 5R8 

1 1 Att*E5&9 l 2 ©fcUtt«*§#^Ktt«;:«$§U 

ns^icH 904, 905 mmtsit<tiz>. 
[0005] njiin-9 1 1 t'&m<Dffii£mmm 9 03t 

&m$9 1 1 Bhimmmom^nu^. 

[0 0 0 6] nIliM-9 1 1 Siv'Jn^^ii^ 

xa9 o s^e^-rn^Miiffljnx^niigt^s. se> 

IC, ±fBoJg!jtf-9 1 1 £S#9 0 1 i: teBUtt© -> 'J 3 > 
*^I^IA9 0 8ri>SJg(£bfctf>S, X^— y-9 0 9 

[0 0 0 7] 

1 4^±^&^iiiDxtc±s»*s;u u--cte±m*iW) 



(2) 4#li¥5-l 14347 

2 

m&M 9 1 4 #.kiEB£8£S 9 0 4 > 9 0 5 iz ® m 
U MH5£S^S9 0 4, 9 0 5B*ON, OFFSII 

*-fz>kib\z±mmfenmm 902, 903 t±ianji!i 
n-9 1 1 £rmf£Lfrm®%ftmnmmzffife(DW>nw 

mmmfflomm&'m < -rz&ms&zwitmz z. ©1® 

©*€£«Tf;:«fe§rei!rfc^. 
[0008] ^£T#f8i§8©BW«S«£v;/*y He 

rtJciO, t¥3fe©T-f ?nyv- .kO^AfSIli* 

[0 0 0 9] 

[^sr»ft-r*fcee)©#s] Mt2a«s^-r^fej& 
©ssic^tt&se^^r^s'hi, ±ta«as;v^ 

•y h&^ltfcil©S«^ffi(XX^— V-^&Z'khXttm 

«S&*#lJ*U ±EW85t7jr*? Mc*»Arr«±E 
i» nJS!lM-©^M(catt#:-C^^2nit©*gKi:. ±EHI& 

B 2 m. B£SAE t £<i *.& C t *¥fWl t. hX V>£. 
m*B2fc«*««iCUH4. Jbi2WlWSr£:±e«« 

[0 0 10] 

[«um *&no>ir$9i 1 ammz&n&mwiMttsiZ 

»n-©^HlC^tt#:-r^3nfc©SfSS*taitS„ Jkffi 

iiS-7^^-y hCit^fiESBiiin-r-sct-t?^;:^® 

[0 0 11] *S!^©»*JS2©«^C<i;n«iKF*ftIX 
\z <fc 0 ±Ewri!)M-t±IBKlfgRt©Mfcfil«a^3'f ;i/Sr 

SJSD UT±tBK»gB©a@«^$Bt 0 » < C t jS«T t?f 
[0 0 12] *5!K©»*«3©«J*»Cin«±S2K* 

\zmffiW£%$imvT&m-iz.<Dmm&-?>f*v Him 
mstLTBL*.*. _hg5maac-7^->h©3-f;nrflg 
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(3) 

3 

[0 0 13] 

®2\$mi<DA-Amwimm'v$>z>o 03^5 

^ yZMWLW 1 0 1 ©ffflaftt*R|»Bfc«bfcHT» 

$it-fc«attT^*y h 1 0 2 a<DifcWKfflBT?*5. 
[0 0 1 4] m&£r?if*v M 0 2 a, 10 2bten i0 
710 3 a, 1 0 3 b t^-i )V (ffitt) 10 4a, 10 
4 b*6foT^«. 37103a, 103 b«MAtf 
Mn (V>#» -Zn 7x9^f h«0»lC 

3*OH0 4a, 1 04bten71 0 3 a, 103bcO 

imm<Dmmz&K>m3 o*->ft3»^rffjjtr*. 

[0015] t7^^/^SSl 0 lttMAttA hO 

K^oTffrKTSo 0 1 fctt, 2D 

10 5a, 105 b39ftR(t&nr^« (03 (a) ) . 
*1\ -fe^ y^SlSl 0 l<Z)Affi<D:£Ml£C r 
A) <hAu (&) *ftffi**te«tO*atr*, Z<Dt^ 
Crttt95y*SSl 0 1 fcAu©«&»te&|6l_h£1i: 
^^OTAuiDftCCr^IfSo Au/CrSft 
■tbfcft Au/CrIS7th'JV^77>f-8ii: 
**Xy^>4f (KTx^V^fcET. ) 
Mil0 6a, 10 6b, 10 7a, 107bSM 
f3 (03 (b) ) o 
[0 0 1 6] H 5 tt» 1 ©*lt«©W»jt 1 0 8»6ft 50 
SS i (S/U3>MI9z/\) XS«OfPd»rj£«S 
»WfcSbfcB-e»3. ±IEnJ»>t 1 0 8 <hfc5 S I S 
«1 0 9B«A«H6H*-r±53ttW*rtIlCfP*"r*. 

-^9>«77«yh (J^TOFtfBTo ) 6 0 1W 
LT¥frfc6 0 2 a, 6 0 2 bll »8ftB§«tf}6n 
%*><D<DOF 6 0 1 iC^LTSit^:3a6 0 2 c, 60 2 
dtt^tftttft*. ±EOF6 0 UCttbTtt 

Tffi<Z>42I6 0 3 a, 6 0 3 b, 6 0 3 c, 6 0 3d« 40 

**tt*-!ftt©»tttat), tt«ft»tt*»*r*±E 
s i ssi o 9tt»&n«r<i>. 

[0017] -eciTSiSffil09<7)4}a7!|t602 a, 
6 0 2 b, 6 0 2 c, 6 0 2 d <hfc£ <£ 5 ICffiSf^LT, 

arras ts-rs is«i 0 9OAffi&^Bffiic«Atf 

IMMfcttfc«kDS IOi (KftvUn» 110a, 1 
1 0btJ«r« (0 5 (a) ) . SI OifcJMfcUfc 
±EBffi<Z)S i O2 1 1 Ob^X^f^U Hi 
^^aLT^SUnXTS (05 (b) ) . £©BBfcS 
i Oi 1 1 0 b^YX^tlTS ilfil 09SKOH 50 
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4 

C*KftftiJ9A) »#ttx*^>^fcJ:D«BlWa* 
3rSfil»*JaXTS (H5 (c) ) . 
[0 0 18] #CfcC r 1 1 l'tAu (&) 1 1 2&g£ 

0 2 1 A u t CO f&« ft £ ft _h * i* * fc CO T A u * D ft 
Cu£f£BSTSo Cr/AuB£WLkH* <£l® : M 
tt: 3 : lOftttit) *»^TXy?>jf UT±BWft 
(tl08a, 1 0 8b&A«a»0«M-rc?IttlftjfiUBl 
12 a, 11 2 bt#J«-r*. *fl!>«Alf©£BffK:At— 
vn-fRi 1 3 <xy$r;wift<B£-&) ft«*«3 0 0 

(d) ) . #cfc±EAB©£ffi(&/t-vD>fBi 1 31: 

[0 0 19] ±EW*M 1 4&fiSB*fcJ:0±E 
ii5tvn7M02a, 1 0 2beDS^flS0>.&5£ 
.■ofc»T?»»a»116a, 1 1 6 b ftJMff*. -£-(0 
ft, ±EABfa>^ffiJcJS<^-va-f|Ri 1 5S«A« 

1 2 5*D>i«wcna3iai:cfc Diarrs - (bs 

(e) ) a 

[0 0 2 0] ft* JlO/t-TD-fKl 13,11 5te0H 

N i S 0< • 6H2O OUi—yirM • • • 1 5 0 g 

FeSOi • 7H2O (lUUft) 1 0g 

H 3 BO< (Hit) 2 0g 

»y*U> 0. 7 5 g 

[0 0 2 1] *l:±EAI±(^l/yXM 1 4^M$ 
n&R»a»116a, 116bS^M17a, 

1 1 7bTSK fit, WAtfWM, ilKft;*^*, 
*#2. 9:1:7. 2 ©Xy^^ftlCJ; 0 AffltDft 

^LTK^TS (0 5 (f) ) . *£dOASCDl/vX 
hi 14, 117a, 1 1 7 b*«#B3K«CckD-r 
iStt, K^SBl 15a, 1 1 5bS»jsSf«. *L/ 
TAMOS i O2, 110 alC3¥##ieiL&*ttKX 

^OBS^<oa^ttX^5 1 >^^ff^oTpJ®i>tl 0 8 
a, 1 0 8 btfKXSl 1 8**UT«B*Mc8M*Ufc 

*fc»*r* (05 ( g ) ) . ±Eo«t5fcaix*nfc 

5 iS«fl!l 0 9it75y?SSIl 0 1 

u-i 1 9«^umrr«. 

[0 0 2 2] 1 OjWMOttBft'J U-OMMPK 

tJViTBWr*. h 1 0 2 a©3>f;n 

0 4alC«[»«BE*B«lirr*t, uOS«a-7^7h 

1 0 2 afcfi«**J*jBU pJBilfrl 0 8 0«ffrg8l 0 
8 ateffi^ffil 1 8«*jfttbT««SCvif*y h 1 0 

2 afiJ^^T^tt-T^fc*, pIB&S^SI 1 2 a 4KB 
JgS^S 10 6a, 106 b£ttttlxHB£ftjMI 1 0 

6 a, 10 6bm«tnASn«. 

[0 0 2 3] ±EES5«B : .<OWJD^W^^> R/Bfrl 0 
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(4) 

5 

8a»«£«i i 8©fei;n«»*TKttfc«»u m 
m&m&m i o 6 a, i o 6 bwa*jMfcsn*. 
vif*y hi o 2 bG>=K;n o 4 b »citsis«m^ffrin 
-r^^ttc^O^JidM-l 0 SO&Jtg&l 0 8 bfc_LiH<h 
H*©»fP*fr5. ±B«»*rif*y M 0 2 a, 1 
0 2b (CiSffllEEftBlfti • *WrUfc«, fcr*KB»« 

115a, 115 biaamBUtiBstf. cn&sto^ 

[0 0 2 4] 87«»2 <D*JS«G>««5£U ©K« 
KI»«»Tfe§o 0 8te0 7<DB-B88»r®0T i0 
*3 e H9ttU»fr2 0 8*>6&*S iSttM®4ft£# 
&£a^MlC^L£:0T&3. £-fS 1S&2 0 9 CO A 
®&tfB®Ki&&te&i£j;DS iO* «fls5/Un» 
2 10a, 210 b£f£Kt*& (09 (a) ) . S i O 
iSJWfcUftft, _hEB®£>S i 0 2 2 1 Obtof> 

yu »H#*abT»*jpn:ra (19 (b) ) . : 

COBffitCS i O2 2 1 0 bm^tLTS ilg2 0 

9£koh (*»fc*U*A) USttxyf^yfciO 

Sffi#rt^m^a^*ftix-r^ (09 (c) ) . 

[0 0 2 5] &\Z±Wmm&?if*y h 1 0 2 a, 10 ^? 

2 bfc^-r^s is«2 0 9<DAm&mzwfflte^ 

JH14a, 11 4b«« 9 IMffiMtzn-i )V<D 

1) SiS82O9 0AI©4Bl:Nb (—*:/> 

2) Nb£j3tBtl,&«k ±ffi««j£V^*y h 1 0 2 

a, 1 0 2 bfc#rtrr*s is«2 o 9<DAmmmzm 

«2 1 4S*£ai*fcJ;DfW*. COWNbllS i O 
z 2 1 0 atm&2 1 4*»tt«ft±S**fc»lCffl^ 

So 30 

3) *|«2 14fc*W&«, £©i«2 14Slyf> 
yfcJ;DSI»*J:fcJPXUT«lllft3>f ^2 1 4 a, 2 
14b Sfl^fr*. 

M^-fJl/2 14a, 2 14b^Mim AI0 
±Hfc#'M3F (MS) 2 155WtSiSK2 0 9 
KSSJH&n-f ;U2 1 4 a, 2i4b^B^ ®9 
(b) ) o ±En-f ;V2 14 a, 2 1 4b<D**L»<D$8K 

1) _hgn-f;l/2 1 4 a, 2 1 4b©*'fcO«IM"affi<0 

5 1*2 1 5£x^>^c£9»3*r£o 40 

2) s i^oAH<o^afcNb*ft^**fc±oj6aii 
■rs. 

3) S 1M2 0 9(7)AMlCflIXL, H^UfdKffln-f 
il/2 14a, 2 1 4 bfc«fafc»«T?2tt©/hSa:«« 
2 16a, 21 6 b£*^5t££0#tf£o 

4) ^LTiiiBrW ;V2 14 a, 2 14 b<Z>ffM>iC&£ 

fi216a, 2 1 6 b§Xy^>jffc± DlNILT*J* 
H±«>«}:5JC»*»IXLT§I#H1L«2 1 6 a, 216 50 
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0 

b*#J*T* (09 (e) ) . ?I§H1U«2 1 6 a, 2 
16b£^Lfc&, AiOMi:#U^5H2 17$ 
ttttS iSi2 0 9fc9l*ffll4ft2 1 6 a, 2 16b£ 

a^-rs, *tcx-/^>^ic<fco±8s^u-r^ H2 1 7 

&±Mu<1)V2 1 4 a, 2 1 4bjSBtt©*aUTB*-r 
(09 (f) ) . *KCr 2 1 9tAu (&) 2 1 

rteS i O2tAut0)«»tt€[Sl±S J &**>O-CAu 
cfcOifelCCuSflEK-rs. Cr/AuBS«^I* 

mm 3 : 1 ©^ISJt) Sffl^TXyf>yt 

T±IBpJ»>t 208a, 208b fcft*«#©»fi-fcl>r 
2 18a, 218b 

[0 0 2 6] ^(D^Affi^WC/l-VD-f |g|2 2 0 

Afi*<*fisK»fcj:oriatr* (09 (g> ) . 

[0 0 2 7] &lC±fEA®(7):£fflO/1~VD'1'|g2 2 0 
±fcX«KK»te<k 0 !/yX h 2 2 1 *jjagtT5. ±fBV 

>>x h 2 2 i s«»«3tfc j: o±E«aacv^*y h i 
02 a, 102 b<Dmm<D&t>e?itj»-e&Mm»2 

2 3 a, 2 2 3 b ^*0>^ ±SAffiOU>? 

Xh2 2 l£|gavrj?</V-VD^§i2 2 2S«tai 

2 5^n>^«*fc*e*»fc*Driarr« (010 

(h) ) o 

[0 0 2 8] ffi£<D/1-VCKg|2 2 0, 2 2 2 \*mtL 
tt 

N 1 S0 4 ■ 6H2O («S»— yirW ■ • • 1 5 0 g 

FeS04'7H 2 0 «St) 10g 

H3BO4 («) 2 0 g 

■»y#U> 0. 7 5 g 

[0 0 2 9] &\ZZOAm±lZMf&2nfrlRm%»2 2 

3 a, 2 2 3 bOl/^h221^^Xh2 2 4a, 
2 24 bTSV\ -toft, «AB«1, 

7fC#*2. 9:1:7. 2 <Z)Xy ^>^i£l££ D AB^S 
»«#*CD/1-^D-fR2 2 0, 2 2 2£Xy^>^L 

* (010 ( 1 ) ) . 

[0 0 3 0] *l:ei©AMCOl/^Xh 2 2 1, 2 2 4 
a, 2 2 4b**»«3fcte*0t-^T»*UT!»»»2 
2 3 a, 2 2 3 b&»j£-r* (010 (j) ) . ^LT 
AMCDS i O2 2 1 0 SL\Zn<f&ttfal'tcmWZJ^y3 L 

>y*m\ mmzwjL\sjmfcii u ?&®m\z& vm 

%.<D&fcV}XyT>#&fTte'oX*I»?r2 0 8 a, 2 0 
8 bjWB3£«2 2 5 *^LT«Hfcfc«ttb&»k:#rt 
-f£ (010 (k) ) , ±B©J:3fcinX;SnftS ig 
SM2 0 9te-fe^^S«E31 0 1 tX^- 9*1 1 9 

[0031] mzm2<DmMm<D%m&vv- onmz 

OViTKWTS. WttT^y hl02 a<D=K;H 

0 4 aJCH^aEE^mjJUTSt, ^Ot8Sv^7 h 

1 0 2al:g«M4eb> Wi&M*2 0 8 0SJM-BS2 0 



—276— 



7 

8 al*ffi3882 2 5&3i&tVTmmiZ'??*y b 1 0 

2 a<H^^T£e-r*fc£, *J!4Sj£@2 1 8 a*t@ 
£8j£Ji 10 6a, 106b IcttttU ffiH£8/£Ui 1 
0 6 a, 1 0 6bfkWB3i£$n£o 

[0 0 3 2] ±BHBftttjMi 10 6a, 106 bPfl£ 

65 2 0 8 a coKSS? 2 2 3 a t/^^/t-TO^ R 2 2 2 
a{C^^fc^@a^$mO^<c:<i:^ST&^o 

ar±B«««ffiowmft»fo&«±e^i»M'2o 

8 KSKLfcn-f ^2 1 4 afc-WpttlcffliflEfBffiSWlni 
S*T±E««tt2 2 3 aaa«ttA*ttDI*frifc. 19 
fr«2 0 8 att«£tt2 2 5 OfcUnfiW^BtttcS 
(ftLKHSSMMU 0 6a, 10 6bW|Sm. 

h 1 0 2 b©rK;H 0 4 bfctfttSWEE 

sBianrs^tfccfcD, oj§a>t2 0 8omn*gS2 0 8b 

[0 0 3 3] 01 l«i3©SI«©fiaUl/-0S 
ffiSrffl&fcHT**. B12»H1 lcoC-CHerMS 
B13«H1 l<D±7$yir&tiL<Dmmft\Z# 
KSttfeftBS^jf*? b3 0 2 a^RS^Tfe 
5o *?ClKM?I2«B3'?jr*7 h 3 0 2 a, 302b 
Kttfprr^S igffi3 0 9±<Z)K3ggB3 l 5 a, 315 

[0034] Aicff 3oMkM«>«SAU U — coSbf^ic 

[0 0 3 5] H*, U¥M<Dmm<DmttjSr?tf*y b 3 
0 2 a<on^)V3 0 4 a K»l/TA2rGlk:iE« (+ : 7 

^x) (- :T-f*x) <Dmffim&*muTz> 

21©t«i7n7 h 3 0 2 a l:g»*^4El/, 
Bj»Jt3 0 8©IWtffl3 0 8 aOBMNiWllftLt 

EHsnfcaascvif^y h 3 0 2 aojJSft-gBtesffit 

y h3 0 2 a<Z)t>5 1 0©Mfr«fcWffi£fc^T, 
ft- 3 0 8 att«X«3 1 8£^£LTGW>Vv&o;fc» 
SE©9l*fcJ:oT««SCvif*y H3 0 2 aflMfM* 
T2Ett-r*fc»oIft»jfiiJl3 1 2 a«fB£ttjfiUI3 0 6 
a, 3 0 6bfc»ttU illSMi3 0 6 a, 306 

braa*BBj*3n£o 

[0 0 3 6] ±|HP@J£S^S3 0 6 a, 3 0 6 bffl£ 
■« , r«Kiat±BW«Tif*y h3 0 2 aO3 04a 
fcttLTB^flfciES (+ : y^X) ^&fiS (- : V 

3 0 2 a«C»Et»aaS3SW^OiB***&BL, Wftfr 
3 0 8(OS9)teS3 0 8 a©»»flBNtt»C»UTEK;*n 

h 3 0 2 a®MHmtNtt£fc0H« 

»«s«K:»rtibTERsnfcwttaafTif*y h 3 0 

2 aCO'b^ 1^0^ft-g6«sat^-pTpJS(ift-3 0 8 a 
RK$tt3 1 8ft«ji*tUTrtl*^r3fc»«IH©K« 
*fc±oTttK7y*y h 3 0 2 a*&BffllHfttt 
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8 

&m 3 0 6 a, 3 0 6 bMftRSn*. «B*Tif** 
N3 0 2 b©n-f;P3 0 4 blcSK^SU U-£>IW 
lc*toWHrt"*ct»cJ:0iI»fr3 0 8<z>&ft-g83 0 
8 bfc±IB£I^«(Diife£fT5 0 »3©*««IC*^T 
ttHUc^bfcHr7^y^S«l 0 lOSST'ci 0 5 
a, 1 0 5 blc#«Ufc«BHCvy*y M 0 2 a, 1 
0 2 b£*f|n]$ttTS i g&3 0 9±£>©^g63 1 5 

a, 3 1 5 b<Dm&*Nmx\tsmv>-jj<Di&w&<Dm 

20 [0 0 3 7] 

»jS***«<sS:?)UI/-©ft6tt 
[H2] H1©A-A«WHHT?»*. 

^ [S3] ±9$y9mKmottaom*mmHKm\si± 

[04] H3(J!>-fe^5s/^SIR«OHil^cfc#KS*fc 

imsi mivmmmnvimfrftzuzs i (vun> 

3b -So 

[0 6] ^U3>J|MMi*x/\e!>H#i*©IllWHTr* 
5. 

[0 7] ffl 2 ©§SJ&09©«a5£y k-©#«!«10T<& 
30 -5. 

[08] 07COB-B^»rS0t?a&-5. 

[09] 82©£iS«©l9»K-*»Sfc-5S ! ('✓U3> 

•lawxA) s«w©feis#a (a~ g ) zmmmz 

[010] ®2CD^JS0l|WoI®iM-^e.?S^S i (vU3 
>*ii*IA) S«<BI©ffr£;S)£ (h~k) 
IC^bfc0T*S. 

[0 1 1 ] SB 3 ©Hi60iJ©®&j!CU U-©gSS»rffigrai 

0-?&5. 

40 [012] 011©C-CI8rffi0rj55. 

[013] 01 ie>-t7s.yt>gwimz>nmKizwmt< 

[014] t£3fc©V^DV->->©-W£*-fl&S5$; 

U w-©#fl?*4«0-c;&;5. 
[015] 01 4<DA-ABmwm-v&z>. 

101 Hr^Ss/fSK 

10 2a. 10 2b flBK7y*?b 

103 a, 103b 37 

50 10 4a, 104b 3-f ^ (^) 
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9 

105a, 105b nmn 
106a, 106b mss^m 

10 7a, 107b 

108 a, 108b pJl&tt- 

10 9 S iM 



(6) 
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10 



110a, 110b SiO* «fc3/U3» 

112a, 112b oJS4S!^S 

115a, ii5b k^b? cmm 

1 1 8 

119 Xt— 9" 



[H2] 



W2Q 




//*0 



M5a 



[H3] 



/05a 5?» /0*f> 



/o/ 




/05a 



/osb 



A* 



ioi 



~1 — ^ T 
ASt I Aft 
(/Mo n io6t>) 



r-f- 



(/07a (xio7b) 



10 9 



[H4] 




/02a 



[H6] 




603 Cf 



502 C 



—278— 



(7) 
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[09] [010] 




~2Q3Q ' W ^55 [013] 



304a 
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(9) 
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[014] 




(72)$mb# #a an 

*&/&*IErlJWteim«)W22#22*| -> 



•n«li*6E BLANK •" m 



